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Current Neutrino Beamlines at Fermilab

Booster Neutrino Beam (BNB)

E+
p = 8 GeV (10-30 kW), Be target l=71cm, 174 kA pulsed horn.

Neutrinos at the Main Injector (NuMI)

E+
p = 120 GeV (350-700kW), graphite target l=95cm

2 pulsed horns 185-200 kA, tunable focus
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Current Neutrino Beam Spectra

BNB-µBooNE (470m) NuMI-MINOS/NOνA

NuMI beam in MiniBooNE

4 / 35



Fermilab
Neutrino
Beams:

Present and
Future

Mary Bishai
Brookhaven
National

Laboratory

Introduction

Accelerator
Complex

Current
Neutrino
Beamlines

BNB

NuMI

Future:
LBNF/DUNE

LBNF Beamline

Beamline
Optimization

Project status

Current BNB Configuration

5 / 35



Fermilab
Neutrino
Beams:

Present and
Future

Mary Bishai
Brookhaven
National

Laboratory

Introduction

Accelerator
Complex

Current
Neutrino
Beamlines

BNB

NuMI

Future:
LBNF/DUNE

LBNF Beamline

Beamline
Optimization

Project status

BNB operations 2002-2014

6 / 35



Fermilab
Neutrino
Beams:

Present and
Future

Mary Bishai
Brookhaven
National

Laboratory

Introduction

Accelerator
Complex

Current
Neutrino
Beamlines

BNB

NuMI

Future:
LBNF/DUNE

LBNF Beamline

Beamline
Optimization

Project status

BNB Horn Experience

7 / 35



Fermilab
Neutrino
Beams:

Present and
Future

Mary Bishai
Brookhaven
National

Laboratory

Introduction

Accelerator
Complex

Current
Neutrino
Beamlines

BNB

NuMI

Future:
LBNF/DUNE

LBNF Beamline

Beamline
Optimization

Project status

Fermilab BNB Short Baseline Program (SBN) Z. Djurcic

presentation

MicroBooNE beam starts NOW! Approved for 6.6× 1020 p.o.t. SB
ND and FD (T600) by 2018 - additional 6.6× 1020 p.o.t.
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NuMI/MINOS

Description of NuMI neutrino beam: arXiv:1507.06690 (to be
published in Nucl. Instrum. Meth. A, 2015) 12 / 35

http://arxiv.org/abs/1507.06690
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NuMI/MINOS Targetry/Horns
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NuMI Decay Pipe and Hadron Absorber
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NuMI/MINOS Operation 2005-2012
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Run III last 2 months/first 2 months
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NuMI/MINOS Operation 2005-2012

C. Densham presentation
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NuMI/NOνA Z. Djurcic presentation
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NuMI/NOνA Modifications

PH04 first 700 W capable horn in service
since Sept 2013 accumulated ≈ 27 million
pulses - stripline fractured and is being
replaced ⇒
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NuMI/NOνA Operations B. Zwaska presentation

Achieved on July 1st 2015: 521 kW for 1hr !
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The LBNF/DUNE Experiment Z. Djurcic presentation

Scientific goals of LBNF/DUNE:

Comprehensive experimental program to defintively determine
CP violation, mass hierarchy, and make precision measurements
of oscillation parameters.

Search for unique signatures of proton decay and precision
detection of the νe signal from a core-collapse Supernova should
one occur.

Precision tests of the Standard Model using neutrino scattering
measurements with the Near Detector.
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Proton Improvement Plan (PIP)-II B. Zwaska presentation

Planned upgrades to the Fermilab complex to increase proton
intensity:

PIP-II replaces upstream portion of
linac feeding into 8 GeV Booster:
1.03 MW at 60 GeV
1.07 MW at 80 GeV
1.20 MW at 120 GeV

Ready by 2025

Further upgrades (PIP-III) would
replace booster with Rapid Cycling
Synchrotron (RCS) or SC Linac.
Currently in R&D stage.

≥ 2.0 MW at 60 GeV
≥ 2.3 MW at 120 GeV
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The LBNF Beamline

Novel concept beam-on-a-hill reduces cost.

Primary proton beamline: extracts 60-120 GeV designed for 1.2MW
upgradable to 2.3MW 25 / 35
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The LBNF Beamline

Advanced conceptual design with upgraded tunable NuMI focusing:
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27 / 35



Fermilab
Neutrino
Beams:

Present and
Future

Mary Bishai
Brookhaven
National

Laboratory

Introduction

Accelerator
Complex

Current
Neutrino
Beamlines

BNB

NuMI

Future:
LBNF/DUNE

LBNF Beamline

Beamline
Optimization

Project status

LBNF Decay Pipe

28 / 35



Fermilab
Neutrino
Beams:

Present and
Future

Mary Bishai
Brookhaven
National

Laboratory

Introduction

Accelerator
Complex

Current
Neutrino
Beamlines

BNB

NuMI

Future:
LBNF/DUNE

LBNF Beamline

Beamline
Optimization

Project status

LBNF Decay Pipe

29 / 35



Fermilab
Neutrino
Beams:

Present and
Future

Mary Bishai
Brookhaven
National

Laboratory

Introduction

Accelerator
Complex

Current
Neutrino
Beamlines

BNB

NuMI

Future:
LBNF/DUNE

LBNF Beamline

Beamline
Optimization

Project status

LBNF Absorber

30 / 35



Fermilab
Neutrino
Beams:

Present and
Future

Mary Bishai
Brookhaven
National

Laboratory

Introduction

Accelerator
Complex

Current
Neutrino
Beamlines

BNB

NuMI

Future:
LBNF/DUNE

LBNF Beamline

Beamline
Optimization

Project status

Optimization of Focusing System Geometry

Optimized focusing design obtained from genetic algorithim:
Horn 1 inner conductor

Horn 1 inner conductor

Horn 1 Horn 2 

6.6m

Decay Pipe

Decay Pipe

Horn 1 Horn 2

10m

LBNF Beamline Optimized Design (LBNO style)

LBNF Beamline Reference Design (NuMI stle)

4m

4m

Optimized design favors 2.5m long graphite target, 297 kA horn
current, Horn 1 r=0.6m, l = 5.75m, Ep = 110 GeV.
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Optimization of Focusing System Geometry
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Optimized focusing design obtained from genetic algorithim:
Horn 1 inner conductor

Horn 1 inner conductor

Horn 1 Horn 2 
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LBNF Beamline Optimized Design (LBNO style)

LBNF Beamline Reference Design (NuMI stle)

4m

4m

Optimized design favors 2.5m long graphite target, 297 kA horn
current, Horn 1 r=0.6m, l = 5.75m, Ep = 110 GeV.
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Absorber Energy Deposition

PRELIMINARY: Optimized focusing design and possible wings added
to target could reduce peak energy deposition in absorber 8-12 ×.
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THANK YOU

Special thanks to: Bob Zwaska, Zarko Pavlovich, Alberto Marchionni,
Vaia Papadimitriou, Nikolai Mokhov, Andy Stefanic, Andrew Norman,
Mary Convery, Chris Densham
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